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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the tunnel kiln for calcinating a ceramic honeycomb structure object : Sintering field arranged 
on the lower stream of a river of the carbonaceous ingredient emission field arranged on the lower stream of 
a river of a plenum chamber field and said plenum chamber field, and said carbonaceous ingredient 
emission field; 

Two or more kiln trucks which suited in order to convey the ingredient sintered through said kiln; 

** gas network for introducing gas into said carbonaceous ingredient emission field or said plenum chamber 

field; 

****** — the tunnel kiln characterized by things. 

[Claim 2] The tunnel kiln according to claim 1 characterized by being a network for introducing the hypoxia 
content gas by which said ** gas network contains 02 [ fewer than about 20% ]. 

[Claim 3] The tunnel kiln according to claim 1 to which said ** gas network is characterized by leading 
effective in the impregnation section which leads effective [ each of said conduit tube ] in the interior of said 
emission field including a series of conduit tubes. 

[Claim 4] The tunnel kiln according to claim 3 characterized by said impregnation section including the 
combustion burner section, the truck lower part, the head-lining arrangement section, the side-attachment- 
wall sections, or these combination. 

[Claim 5] The tunnel kiln according to claim 1 characterized by including the conduit tube which leads 
effective in the impregnation section which leads effective in said plenum chamber field. 
[Claim 6] The tunnel kiln according to claim 1 characterized by leading effective in the chamber with a 
baffle which said truck lower part is arranged under said kiln truck, and has it in said carbonaceous 
ingredient emission field. 

[Claim 7] The tunnel kiln according to claim 2 characterized by being the nitrogen with which said hypoxia 
gas was condensed, or C02. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

This application is Alan. T. Dull and Thomas S. The U.S. temporary patent application 60th / 
preferentialism of No. 067 or 105 by Hinkle which is entitled the tunnel kiln for ceramic honeycomb object 
baking and for which it applied on December 2, 1997 is asserted. 
[0002] 

This invention relates to the baking kiln which suited baking of the cellular mold ceramic object from the 
batch which has in more detail the problem which contains the organic substance so much about the baking 
kiln which suited baking of a cellular mold ceramic object. 
[0003] 

Background of invention The ceramic product of a honeycomb configuration thru/or a ceramic honeycomb 
structure object, i.e., a cellular mold ceramic object A raw ceramic base is created by mixing with the 
various carbonaceous ingredients containing the extrusion assistant and shaping assistant for forming the 
batch plasticized by the water list in the ceramic ingredient. This green ware was fabricated on the ceramic 
base of a honeycomb configuration by the extrusion of a plasticization batch, and it has been built by finally 
calcinating this honeycomb configuration ceramic base at fixed temperature in a firing furnace. 
[0004] 

An organic binder, a plasticizer, and lubricant, such as methyl cellulose, a carboxymethyl cellulose, 
polyvinyl alcohol, and stearin acid alkali, are especially contained in the extrusion assistant and shaping 
assistant which are used for the above-mentioned baking of a honeycomb structure object. Furthermore, the 
carbonaceous ingredient of others like graphite has been included in the batch as a pore formation agent. 
[0005] 

It is known that it is the oxidation, i.e., exothermic reaction, whose emission of a carbonaceous ingredient or 
disassembly of a carbonaceous ingredient emits a lot of heat. Exothermic reaction is started at first, the 
surface, i.e., the lateral part, of mold goods, and the lateral part of a ceramic object produces an initial 
temperature gradient with temperature higher than a core. Then, the exothermic reaction of a surface, i.e., a 
lateral part, ends, and an exothermic reaction field goes to the interior of wear, and dies. Since it has the 
cellular structure which a common base consists of a ceramic ingredient which is a good insulator, for 
example, cordierite, and contains many channels, it is not easy to remove heat from a ceramic object 
efficiently by either conduction or the convection current. Since surface area is quite large and the reaction 
of 02 in the firing environments of a binder is furthermore promoted for cellular structure, the effect of the 
above-mentioned internal generation of heat gets worse further. Consequently, a ceramic object has forward 
or a negative temperature difference during carbonaceous ingredient emission, or [ namely, / that the core 
temperature of a ceramic object becomes higher than the ceramic temperature a front face and/or near the 
front face ] — or it becomes low. With carbonaceous ingredients, such as an organic binder, if it starts in a 
100-600-degree C temperature requirement and the raw ceramic base contains graphite, a remarkable 
temperature gradient will arise between the inside of mold goods, and an outside by the above-mentioned 
exothermic reaction started in a 500-1000-degree C temperature requirement. The stress which may make 
mold goods produce a crack according to this temperature gradient in mold goods occurs on a ceramic 
object. This phenomenon is remarkable at especially the mold goods containing large-sized cellular ceramic 
mold goods or a lot of organic materials. 
[0006] 

The technique for controlling and inhibiting generating and growth of a crack which are produced as a result 
of [ its ] the above-mentioned temperature gradient is known well. One of such the techniques includes 
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producing the flame which lowers the temperature of burner flame by the combustion burner, using air 
superfluously, and makes the temperature gradient of a product small, accompanying, and making a wear 
heating rate late. However, very superfluous air raises the organic substance contained in ****, and the 
oxygen which reacts to the ratio which is not desirable, therefore accelerates emission, and strengthens 
internal exothermic reaction. Therefore, minimization of the temperature gradient generated during organic 
substance emission must be attained by the baking schedule which time amount requires very much, or the 
baking schedule carefully fitted in the specific wear in kiln again. 
[0007] 

Generally use of the ambient atmosphere control in the periodic kiln for affecting carbonaceous ingredient 
emission is known. For example, refer to U.S. Pat. No. 4,404,166 (WICHI Junior (Wiech, Jr.)), No. 
4,474,731, No. 4,661,315, and No. 4,927,577 for OOTAKA (Ohtaka) etc. (WICHI Junior etc.). 
(BURAUNRO (Brownlow) etc.) Although it was shown that it is effective in using the approach of these 
patents with periodic kiln enough, since remarkable atmospheric air (20.9% of oxygen) flows into a firing 
environments, generally by the tunnel kiln, it is thought that it is not effective. 
[0008] 

It was indicated as an approach use of the pulse baking technique as a substitute of proportionality baking 
also controls and controls a temperature gradient in periodic kiln. Pulse baking lowers a heating rate, 
without using only elevated-temperature baking burner output condition and low-temperature baking burner 
output condition, and using the excess air (oxygen) of a considerable amount. For example, please refer to 
the European Patent application No. 0709638 which is indicating the approach of calcinating a ceramic 
Plastic solid using the fiirnace which has the burner which performs a high power baking condition and a 
low-power output baking condition by turns. Although use of this baking technique is effective to some 
extent at periodic kiln and reduction of generating of a crack was obtained, in using this pulse baking 
technique for a tunnel kiln, there is a difficulty. It is necessary to control the atmospheric-air penetration to 
the organic substance emission area of kiln by the option for the patency of a tunnel kiln. 
[0009] 

Therefore, the purpose of this invention is quality and is by offering the tunnel kiln which has improved for 
using for baking of a ceramic honeycomb structure object without a crack to solve the problem of the 
conventional technique mentioned above. 
[0010] 

Outline of invention It is in the purpose of this invention offering the tunnel kiln for ceramic honeycomb 
structure object baking to which an above-mentioned problem can be eliminated, a short-time baking cycle 
and the temperature gradient between the reduced inside part of the raw honeycomb structure voxel ground 
and a lateral part can be maintained more, and a crack can therefore manufacture a fewer ceramic 
honeycomb structure object. 
[0011] 

The tunnel kiln for ceramic honeycomb structure object baking according to this invention includes the 
sintering field located in the lower stream of a river of the carbonaceous ingredient emission field located in 
the lower stream of a river of a plenum chamber field and a plenum chamber field, and a carbonaceous 
ingredient emission field. This kiln includes the connection kiln truck which suited conveyance which lets 
the kiln of the ingredient calcinated pass. The peculiarity of this kiln is in the gas distribution and the 
introductory network containing 02 [ fewer than about 20% ] which have two or more induction to which 
each can carry and introduce gas with few oxygen contents into the firing environments of the carbonaceous 
ingredient emission field of kiln. 
[0012] 

In the above-mentioned process, gas is carried and introduced, and since kiln is designed so that high 02 
ambient atmosphere of an emission field can therefore be permuted, in the baking process using this kiln, 
the temperature gradient between surface-cores of the mitigated raw ceramic base is acquired. As for this 
kiln, in other words, heat deformation and crack initiation conform further by manufacture of little [ far ] 
baking ceramic honeycomb object. 
[0013] 

Detailed description An accompanying drawing is referred to in order to understand this invention better. 
[0014] 

This invention offers the kiln equipment for calcinating the honeycomb ceramic structure which does not 
have substantially harmful effect like a throat as a result of carbonaceous ingredient emission, either. 
Draw ing 1 is the schematic drawing of a lengthwise direction showing the gestalt of operation of the tunnel 
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kiln according to this invention. In the gestalt of this operation, a tunnel kiln 10 includes the plenum 
chamber field 12, the carbonaceous ingredient emission field 14 located in the lower stream of a river of a 
plenum chamber field, and the sintering field 16 located in the lower stream of a river of an emission field. 
The interior of the kiln of drawi ng 1 is heated at two or more heaters (not shown) like the combustion burner 
of the lot which can calcinate the raw ceramic honeycomb structure voxel ground. A ceramic honeycomb 
object is put on the connection kiln truck 1 8 which suited so that the ingredient calcinated might be 
conveyed through kiln. 
[0015] 

When drawing 2 is referred to here, the plan of the configuration of the emission field 14 of a tunnel kiln 
and the plenum chamber field 12 is shown especially. This tunnel kiln contains the ** gas network 20 for 
introducing into the emission field 14 gas with still few oxygen contents, and the gas which makes it the 
volume preferably and contains oxygen fewer than about 20%. Moreover, the ** gas network 20 is 
constituted so that said gas may be introduced or poured into the plenum chamber field 12. The emission 
field 14 covers carbonaceous ingredient emission at 100-600 degrees C to the appointed temperature 
requirement, for example, the ceramic object containing an organic binder. Extending according to the class 
of ceramic ingredient calcinated by the tunnel kiln can also narrow the temperature requirement of an 
emission field. For example, the temperature requirement of an emission field can be extended to the 
ceramic ingredient which contains graphite in addition to an organic binder (to 1000 degrees C). 
[0016] 

Said impregnation section leads including a series of ** gas conduit tubes by which die length generally 
differed, respectively and the ** gas network of a tunnel kiln was piped according to the individual and to 
which each leads effective in at least one impregnation section still more effective in the interior of the 
carbonaceous ingredient emission field of kiln, and/or a plenum chamber field. By minding these conduit 
tubes and the connection impregnation section, gas with few oxygen contents can be introduced into the 
firing environments of said field so that the amount of oxygen which exists in the firing environments of a 
carbonaceous ingredient emission field may be decreased. The location of the following [ section / which 
was designed so that it might lead to the interior of a tunnel kiln / impregnation ] in an emission field: Under 
a kiln truck, it is put on any one of a combustion burner, kiln head lining, or the kiln side attachment walls, 
or these combine and are placed. 
[0017] 

When drawing 2 is referred to further, the gestalt of desirable operation of a ** gas network is shown. The 
** gas network 20 contains a series of conduit tubes 22, 24, 26, 28, and 30 which have two or more 
impregnation sections which lead to an emission field in the single location where each was specified, i.e., 
the separate conduit tube in which each has two or more impregnation sections allotted to the same field on 
the whole. In detail A ** gas network to :(1) plenum chamber the impregnation location 32 The 
arrangement-under conduit-tube 22;(2) truck impregnation section 34 which it has The impregnation section 
42 allotted to kiln head lining of the impregnation section 40 and a lower stream of a river allotted to 
conduit-tube 28; and (5) kiln side attachment wall with the impregnation section 38 allotted in the conduit- 
tube 26;(4) burner with the impregnation section 36 allotted to kiln head lining of the conduit-tube 24;(3) 
inlet-port part which it has The conduit tube 30 which it has is included. 
[0018] 

(not shown) the gestalt of another operation — setting — a ** gas network — difference — that is [ two or 
more conduit tubes which have two or more impregnation sections from which each leads to an emission 
field in the combination of a location can be included ], under a burner and a truck, the location of kiln head 
lining and a kiln side attachment wall boils the accompanying impregnation section, respectively, and each 
conduit tube has it. 
[0019] 

The location of the number of conduit tubes and the impregnation section to the type of the actual 
configuration of a ** gas network and each configuration is based on the baking schedule used for the 
dimension of the presentation of a ceramic object, a dimension and a configuration, a wear load, and the cell 
wall object that a ceramic object has in a list and the number of eels, and a list. 
[0020] 

One of the advantages of the tunnel kiln configuration of this invention is the height of the degree of 
freedom which the oxygen level control within a firing environments is allowed. Generally it is known that 
the oxygen level in the carbonaceous ingredient emission field of the conventional tunnel kiln will surpass 
oxygen 12%, and it is considered that this oxygen level is a problem since a crack occurs at high rate for a 
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baking product. This equipment is controllable with a design to lower the oxygen level of the carbonaceous 
ingredient emission field in question from oxygen 12%. Furthermore, the tunnel kiln equipment of this 
invention can adjust the gas level in each conduit tube independently, and it can adjust independently the gas 
fed through the impregnation section so that firing-environments distribution may therefore be adjusted and 
the optimal firing-environments distribution can be given about various organic substance batches. In other 
words, feeding of gas with few oxygen contents can be controlled by an above-mentioned independent ** 
gas conduit tube and the above-mentioned impregnation section if needed, and measuring supply can be 
carried out by them. Oxygen level and a firing environments are defined experientially, and it depends for 
them on the class of ceramic object calcinated, or a presentation. 
[0021] 

Drawing 3 and 4 show an impregnation-under truck section field more to a detail, with [ the gestalt of 
desirable operation leads to the impregnation section 24 and the conduit tube 34 which are located under a 
truck effectively under the connection kiln truck 1 8 ] a baffle — the nest to the kiln of "chamber" 44 is 
included. In case the side-face plate 46 is attached to the base of each kiln truck 1 8, and a baffle 48 is 
arranged every floor a kiln inlet port or near it and a truck passes kiln one after another, these "chamber" 44 
are formed in the bottom of a kiln truck when a truck passes along a baffle 48 top every floor. Every floor of 
kiln, the baffle surpassed at least 1 of truck length thru/or 1 .5 times, is preferably longer than twice and is 
extended. If side-face plate spacing of for example, a kiln truck is 5 feet (about 1.5m) Baffle length has a 
******** more desirable than at least 10 feet (about 3.0m) every floor., It is guaranteed that the baffle of the 
truck of at least two cars is on a baffle every floor, and always forms a "closure condition" with a baffle 
every floor of the above-mentioned ratio. 
[0022] 

About the bottom induction of a truck, the closure condition of the above-mentioned bottom chamber of a 
truck becomes good, so that the design of a chamber configuration and a baffle system is good. In detail, as 
for the design of a chamber configuration, the clearance between baffles is stopped every floor with the 
baffle plate of a kiln truck to the minimum. That is, every floor, in case a truck baffle passes along a baffle 
top every floor, a baffle is designed so that a truck baffle can be slippery in contact with a baffle every floor 
(die length and a configuration). The area of the clearance between the two above-mentioned closure 
components is kept as small as possible by this, and, therefore, minimization of capacity required for the 
installation to a "chamber" is guaranteed. 
[0023] 

If the plenum chamber field shown in drawing 2 here, i.e., the field located between the inner door of kiln 
and an outside door, is described, the plenum chamber impregnation conduit tube 22 leads to the 
impregnation section 32 of 2 sets of 2 lots containing the impregnation nozzle which countered the kiln 
plenum chamber side attachment wall mutually, and has been arranged effectively. These nozzles can 
interlock independently or mutually and can operate. 
[0024] 

Next, as long as it describes the combustion burner induction 38 shown in drawing 2 , such induction may 
contain any of the effective flow of a combustion air and direct connection, or an effective flow with another 
fan for the excess airs who accompanies each burner. In detail, the combustion air supply which 
accompanies an above-mentioned burner and an above-mentioned burner is arranged to the emission field of 
kiln, and covers the burning-temperature range of about 100-600 degrees C. 
[0025] 

Next, if the kiln inlet-port head-lining impregnation section 36 shown in drawing 2 is described, the conduit 
tube 26 leads to a series of impregnation nozzles 36 simply. As for these kiln head-lining section nozzles, it 
is desirable to be arranged at an emission start-of-region part. In the gestalt of desirable operation, it is 
arranged at the anterior part of the emission field which consists of five areas in which each has four 
impregnation nozzles to which two or more head-lining impregnation nozzles crossed head lining, and were 
allotted. This is shown in drawing 2 as areas 1-5 (Z1-Z5). In the area where the roof top recycling fan has 
been stationed, one nozzle is arranged behind each fan, and a nozzle crosses head lining of the area, it is the 
same field and is arranged at equal intervals in an area without a fan. The roof top conduit tube 26 has the 
pressure controller which can control a total air- flow rate, and, on the other hand, each of each nozzle has 
the balance control system which can control each of a nozzle according to an individual. The degree of 
freedom in gas installation is further raised by this design, and it is guaranteed that the gas of adjustable and 
fixed level can be sent to a firing environments so that a suitable firing environments can therefore be 
maintained to an emission field. 
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[0026] 

A series of another head-lining impregnation sections 42 which are down-stream lead to a conduit tube 30 
effectively, and the downstream of an emission field is equipped with them. As for this configuration, it is 
desirable to consist of an area of 10 containing two head-lining arrangement nozzles which are shown as 
areas 6-15 (Z6-Z15) and by which each has been arranged at alternate spacing. These head-lining nozzles 
are arranged in the head-lining location right above each (not shown) up baking burner near the side 
attachment wall of a tunnel kiln. 
[0027] 

Next, if the side-attachment-wall induction 40 is described, side-attachment-wall induction leads effective in 
the same conduit tube 30 as the head-lining induction arranged on the aforementioned lower stream of a 
river. Such side-attachment-wall induction contains the nozzle allotted in detail to the same location as the 
location of a side-attachment-wall (not shown) up baking burner. 
[0028] 

The conduit tube 30 for down-stream head-lining induction and side- attachment- wall induction as well as 
previous explanation equips the pressure controller list which controls a total air-flow rate with the balance 
control system which can control a head-lining nozzle and a side-attachment-wall nozzle according to an 
individual. The gas which should be introduced into each area where each nozzle has been arranged can be 
controlled by these side attachment walls and the head-lining nozzle according to an individual, and the 
degree of freedom in control of the firing environments maintained by the posterior part of an emission field 
is raised too. 
[0029] 

This tunnel kiln is especially useful to the operation of an approach suitable for baking of the cellular 
ceramic object from the batch which becomes the baking process according to invention indicated by the 
U.S. temporary patent application 60th transferred to the coincidence of copending application / No. 067 or 
154, i.e., the problem which contains the organic substance so much. The approach explained to the above- 
mentioned application is characterized in general by the improved carbonaceous ingredient emission process 
including baking of the raw ceramic honeycomb structure voxel ground containing organic, i.e., a 
carbonaceous ingredient. It includes calcinating the raw honeycomb structure voxel ground in a firing 
environments with the temperature and time amount which are sufficient for starting emission of a 
carbonaceous ingredient and fully attaining, introducing or pouring into a firing environments the gas 
containing oxygen with few [ it is still more detailed and ] said emission processes than about 20% which 
does not contain a fluorine, if a carbonaceous ingredient will fully be emitted, with the time amount and 
temperature which are sufficient for starting the inversion to the baking honeycomb object of the raw 
ceramic honeycomb structure voxel ground further, and fully attaining, green ware can be boiled as usual 
and can be calcinated. As for said gas, it is desirable that the nitrogen introduced at a rate whose 02 amount 
which exists in a firing environments becomes less than about 12% is included. 
[0030] 

The kiln of this invention mentioned above fits the use to baking of any ceramic ingredients which are 
influenced [ harmful ] by carbonaceous ingredient emission which is not controlled, and should not be 
exposed to an ambient atmosphere with many contents of oxygen during said emission. Although there are 
cordierite and an alumina content ceramic in a typical ceramic ingredient, it is not limited to these. 
[0031] 

An example using the approach explained by the kiln of this invention and the above-mentioned baking 
approach in full detail of suitable actuation is as follows. The ambient atmosphere which was rich in 
nitrogen is supplied to the areas 2-12 of the plenum chamber field shown in drawing 2 , and the emission 
field of a tunnel kiln. The emission field of a tunnel kiln is divided into the area of 15 here. The nitrogen 
volume introduced into a plenum chamber field through a head-lining nozzle simple again in the areas 2 and 
3 of an emission field at the areas 6-12 of an emission field through a head-lining induction nozzle through 
the bottom induction of a truck to the area 5 of an emission field (mentioned to Table I by the cubic-feet unit 
(cfh) and cube metric unit (m3/h) per hour.) The controlled atmosphere which was rich in nitrogen, and the 
controlled atmosphere containing 97.0% of nitrogen generated by making a diaphragm mold oxygen 
eliminator pass atmospheric air in detail, It is introduced through a ** gas network. The average percentage 
of the oxygen which exists in each of a carbonaceous ingredient emission area (1-1 5) as a result of nitrogen 
installation is also mentioned to Table I. Such oxygen level expresses the oxygen level to which heat 
deformation and crack initiation were suitable for manufacture of little [ far ] baking ceramic object. 
[0032] 
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Although the above-mentioned invention was explained about the gestalt of that desirable operation, 
naturally various alterations of the gestalt of this operation are clear to this contractor from examination of 
this specification, and such an alteration comments on having the intention of including as what enters 
within the limits of an application for patent. For example, it is considered that use of various nozzle 
dimensions for affecting distribution and mixing of introductory gas and the hypoxia content (or anoxia) gas 
of various classes is within the limits of this invention. 
[Brief Description of the Drawings] 
[Drawing 1] 

It is the lengthwise direction Fig. of the tunnel kiln equipment according to this invention. [Drawing 2] 
It is the simple plan showing the tunnel kiln equipment according to this invention. [Drawing 3] 
It is the schematic drawing showing the bottom chamber structure of a truck of the emission field of the 
tunnel kiln equipment according to this invention. [Drawing 4] 

It is the cross-sectional view showing the bottom chamber structure of a truck of the emission field of the 
tunnel kiln equipment according to this invention. [Description of Notations] 

10 Tunnel Kiln Head-Lining Impregnation Section 12 Plenum Chamber Field 14 Carbonaceous Ingredient 
Emission Field 16 Sintering Field 18 Kiln Truck 20 ** Gas Network 22, 24, 26, 28, 30 Conduit Tube 32 
Plenum Chamber Impregnation Section 34 Impregnation-under Truck Section 36 38 Combustion Burner 
Impregnation Section 40 Side- Attachment-Wall Impregnation Section 
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